Introduction
Cancer remains a major public challenge for health care worldwide, with ~12.7 million new cancer cases and 7.6 million cancer-related deaths in 2012. 1 Although the exact mechanism of tumor pathogenesis is not clearly exposed, accumulating evidence supported that both environmental and genetic factors contribute to the etiology of cancer. 2 The use of single-nucleotide polymorphisms (SNPs) in candidate genes is considered to be an approach to identify novel susceptibility genes for the cancer development. Currently, several epidemiologic studies have indicated that high dietary calcium supplement or high serum calcium may be associated with an increased cancer risk, particularly lethal or advanced disease.
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Huang et al with clear roles in calcium homeostasis. 6 Further research has demonstrated that the functional expression of CASR was also described in other tissues, including prostate, breast, and colon cancer tissue. Loss and gain of function mutations of CASR shows that changes in calcium ion (Ca 2+ ) may mediate by the intracellular signaling. CASR may also influence several tumor-related processes, independent of circulating calcium level regulation. 7 Evidence from the epidemiologic studies shows that the SNPs in CASR gene related to serum calcium could function as risk markers, which is of importance for the development of diseases. 8 Moreover, genome-wide association studies (GWAS) have also evaluated gene-environment (ie, SNPs in CASR gene and calcium intake) interactions associated with the risk of cancer. 9 However, the role of CASR polymorphisms in cancer susceptibility/incidence is not fully understood, due to the relatively small sample sizes and inconclusive results of these studies. We, therefore, performed the present pooled analysis based on all the published data to shed more light on the impact of CASR gene polymorphisms in susceptibility to cancer. To assess the prevalence of these SNPs, the influence of cancer types and ethnicity for cancer risk were also examined in the present analysis. The results of our analysis provide new insight that could be recommended for further investigation.
Materials and methods
Searching strategy
All relevant studies concerning the associations between the CASR polymorphisms and cancer risk, and published from their inception to April 2016, were identified by comprehensive searches of electronic databases, including Pubmed, EMBASE, Web of Science, China National Knowledge Infrastructure (CNKI), SinoMed, and WanFang databases, without any restrictions. The following search key words and medical subject heading terms were used: ("Calcium-Sensing Receptor" OR "CASR") AND ("cancer" OR "malignancies" OR "neoplasms" OR "tumor" OR "carcinoma") AND ("polymorphism" OR "variation" OR "variant" OR "single nucleotide polymorphism" OR "mutation" OR "SNP" OR "mutant"). Additionally, reference lists of all the included studies and relevant review articles were also manually searched to identify any eligible studies for inclusion.
Inclusion criteria and exclusion criteria
The included papers should meet the following criteria: 1) assessment of the relationship between cancer risk and the CASR polymorphisms; 2) with a case-control study design; and 3) detailed genotype frequency of cases and controls were provided directly or could be calculated from the article text. Exclusion criteria were: 1) letters, reviews, or case reports; 2) not concerned with cancer risk; 3) overlapping study populations; 4) animal studies; and 5) studies with incomplete data.
Data extraction
For studies that met our inclusion criteria, the following variables were recorded from each eligible study: the first author's name, year of publication, participant mean age and sex, cancer site, country and ethnicity of the study population, source of control, sample size, number of cases and controls, genotype frequency, and evidence of Hardy-Weinberg equilibrium (HWE) in controls.
Statistical analysis
Crude odds ratios (ORs) with 95% CIs between the CASR polymorphisms and cancer risk, based on genotype frequencies, in cases and controls were pooled to measure the strength of the association. The pooled ORs with 95% CIs were calculated in homozygote model (AA vs BB), heterozygote comparison (AB vs BB), dominant model (AB + AA vs BB), and recessive model (AA vs AB + BB). Statistical heterogeneity across studies was evaluated by using I 2 statistics. I 2 values of 25%, 50%, and 75% were assigned to have a low, moderate, and high degree of heterogeneity, respectively.
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The chi-square test was conducted to test the distribution of HWE in controls, and P<0.05 indicated disequilibrium of HWE. We then carried out the following subgroup analyses: ethnicity (categorized as North-Americans or Europeans) and cancer types (categorized as colorectal cancer [CRC] or prostate cancer). The subgroup analyses were performed only for the rs1801725 polymorphism because of the small number of studies for other SNPs. To test the robustness of the results, sensitivity analyses were also performed by removing one study at each turn and examining the influence of each individual study on the overall risk estimate. Publication bias of the studies included was examined by using Begg's funnel plots and Egger's test. 11 A two-tailed P<0.05 was considered statistically significant. All statistical tests were performed using STATA statistical software version 12.0 (StataCorp, College Station, TX, USA). 
Results
Identification of eligible studies
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CASR polymorphisms and cancer susceptibility associations between the CASR polymorphisms and cancer risk.
12-25 Based on our highly sensitive search strategy, a total of 156 records were sourced from the initial literature search in PubMed, EMBASE, Web of Science, CNKI, SinoMed, and WanFang databases. We excluded 25 records because they were duplicate studies, and a further 104 articles were also excluded for reasons related to the following: review or commentary or letter (n=10), studies in animal or cell lines (n=16), no relevant outcomes (n=15), studies were obviously irrelevant (n=48), not related to CASR gene (n=7), and not related to CASR polymorphism (n=8). After a review of the remaining 27 articles in detail, 14 case-control studies meeting our inclusion criteria were finally selected for the present meta-analysis.
Study characteristics
The characteristics of the included studies for the relationship of CASR polymorphisms with cancer risk are summarized in 
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Huang et al tocellular carcinoma were involved. 24 Among the included studies, nine studies concerned rs1801725 (A986S), [25] [26] [27] [28] [29] [30] [31] [32] 36 three studies concerned rs1042636 (R990G), 14, 15, 18 three studies concerned rs12485716, 15, 20, 21 three studies concerned rs4678174, 15, 20, 21 three studies concerned rs1801726 (Q1100E), 14, 15, 18 three studies concerned rs17251221, 22, 24, 25 two studies concerned rs10934578, 15, 21 and two studies concerned rs2270916. 15, 21 In all of the included studies, genotype distributions of the CASR polymorphisms in controls were in agreement with HWE, except for one study reported by Kim et al 21 in rs2270916 polymorphism. A variety of genotyping methods were applied, including polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP), Taqman assay, and iPLEX Gold.
Quantitative data synthesis
For the CASR A986S polymorphism, nine case-control studies with 4844 cases and 5198 controls were identified. Overall, the aggregated results showed that CASR rs1801725 polymorphism was not significantly associated with cancer risk under the genetic models (the homozygote 2 =60.3% ( Figure 2D ); respectively). Other polymorphisms of CASR, such as rs1042636, rs12485716, rs4678174, rs1801726, rs17251221, rs10934578, and rs2270916, were mentioned in our systematic literature search relationship of CASR polymorphisms with cancer risk. The pooled results revealed that CASR polymorphisms may not increase the risk of cancer under the homozygote model, heterozygote comparison model, dominant model, and recessive model. Table 2 lists the main results of the meta-analysis of the relations between CASR polymorphisms and cancer susceptibility.
Subgroup analysis
The associations between CASR rs1801725 polymorphism and risk of cancer in a subgroup of articles defined according to ethnicity, source of controls, and cancer Notes: *The statistical significance of the pooled OR was determined by the Z-test; ‡No statistical significance was found by the heterogeneity test, then the fixed-effects model was adopted here; otherwise, random effect will be employed. Abbreviations: SNPs, single-nucleotide polymorphisms; CASR, calcium-sensing receptor; OR, odds ratio. 
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Notes: *The statistical significance of the pooled OR was determined by the Z-test; ‡No statistical significance was found by the heterogeneity test, then the fixed-effects model was adopted here; otherwise, random effect will be employed. 
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Discussion
Cancer is a complex multifactorial disease attributed to a disordered balance between proliferation, differentiation, and apoptosis. Evidence from experimental studies suggests that loss in the function of the CASR could accelerate the progression of neoplastic disease. 26 Many in vitro studies have demonstrated disruptions of the growth suppressing effects of elevated extracellular Ca 2+ in intestinal epithelial cells, insulinoma cells, gastrinomas, leydig tumor cells, and in colon carcinoma. 27 An increasing body of studies indicates the relationship between CASR activation and high expression and secretion of PTH-related peptide, which is the foremost causal factor in hypercalcemia of malignancy, and a contributor to bone metastatic processes. 28 Although mutation of the CASR does not appear to be an early event in carcinogenesis, loss or upregulation of normal CASR function can influence several aspects of tumor development. Multiple lines of evidence supported that therapeutic strategies directed at CASR could potentially serve a supportive function in cancer management.
CASR is considered to be an important element of the signaling pathway in mediating the anticancer activities of calcium on cancer development. Previous studies have suggested that calcium may protect against CRC risk through binding to the CASR, or indirectly by binding bile acids and free fatty acids in the colonic lumen, which leads to the induction of tumor cell apoptosis and differentiation. 29 Calcium activates cell growth, and differentiation through certain signaling pathways that participate in CASR is considered the likely pathway. It promotes E-cadherin expression and the suppression of β-catenin activation, and possibly modulates the activation of the p38 mitogen-activated protein kinase cascade system. 30 Further research has demonstrated that this stimulation is mediated by filamin-A, which can be bound to the A986S mutation site of CASR. 31 The abnormal expression of CASR may be associated with differentiation and tumor development. 32 The patterns of CASR expression indicate its role in the pathogenesis of CRC; the high expression of CASR is found in normal large intestinal epithelium, yet is lower in well-differentiated CRC tissue, and is decreased in undifferentiated carcinomas. 33 Actually, downregulation of the CASR expression in the colonic epithelium is the main element in the pathogenesis of CRC. 34 Furthermore, epigenetic inactivation of CASR, such as CASR methylation, has a key role in colorectal carcinogenesis. 35 However, the influence of these variants on CASR protein function is not clarified.
Up to now, the reported CASR contains several polymorphisms in cancer risk with unknown clinical significance and values. To provide a comprehensive and reliable conclusion, we performed a comprehensive systematic review and meta-analysis to assess the association between eight extensively studied polymorphisms (rs1801725, rs17251221, rs1042636, rs12485716, rs4678174, rs1801726, rs10934578, and rs2270916) and cancer risk reported until April 2016. The pooled results demonstrated that no significant associations were found between the CASR polymorphisms and cancer risk in any of the genetic models in overall analysis. Our results were very robust, which did not vary materially, in spite of the sensitivity analyses and subgroup analysis performed. Moreover, no publication bias was presented in our present meta-analysis.
A previous meta-analysis based on the same topic has been performed by Jeong et al. 36 Our study has several advantages over this previous meta-analysis to make it more conclusive. First, our meta-analysis included only case-control trials, which was highly homogeneous and less selective risk. Second, previously defined key subgroup analyses based on ethnicity, types of cancer, and source of controls were performed to investigate the impact of various parameters on the pooled outcomes, unlike previously. Our meta-analysis, which includes 14 case-control studies, did not reveal any significant associations for all genetic models, even when stratified analysis was conducted according to ethnicity, ethnicity, types of cancer, and sources of controls. Third, the association between the eight polymorphisms (rs1801725, rs1042636, rs12485716, rs4678174, rs1801726, rs17251221, rs10934578, and rs2270916) in the CASR gene and cancer risk under all genetic models have been investigated in our present analysis, which may provide a comprehensive and reliable conclusion. Finally, sensitivity analyses were also performed to assess the stability of the results; namely, a single study in the meta-analysis which was deleted each time to reflect the influence of the individual data set to the pooled OR. All of the results of the subgroup analysis and sensitivity analysis suggest that the data in this meta-analysis are relatively stable and statistically robust.
Several studies quantifying the genetic effect of CASR rs1801725 variant on the susceptibility and prognosis of colorectal, colon or rectal cancer have shown inconsistent results. [13] [14] [15] [16] [17] 21, 23 A common alanine (A) to serine (S) polymorphism of amino acid 986 in intracellular C-terminal tail of the CASR revealed that A986S plays an important role in maintaining calcium homeostasis. The "G" or "A" allele was associated with higher circulating PTH and calcium concentrations when compared with the "T" or "S" allele. 37 These data support the hypothesis that the mutations in the CASR gene rs1801725 variant are contributed to pathogenesis of CRC. In a subgroup analysis stratified by cancer type (CRC vs prostate cancer), we failed to find any significant association between the CASR rs1801725 polymorphism and the CRC risk. The relationship was consistent in prostate cancer. Future large-scale, well-designed studies are needed to get a deeper insight into the association.
Some potential limitations in our present meta-analysis should be taken into account. First, we pooled the data using unadjusted information, and other factors (ie, age, family history, the interactions among gene-gene, and even geneenvironment) may potentially impact on our results and result in heterogeneity. Second, for CASR rs1042636, rs12485716, rs4678174, rs1801726, rs17251221, rs10934578, and rs2270916 polymorphisms and risk of cancer, considering the limited number and sample sizes of the included studies (only two or three studied), additional studies or a database on these topics are needed. Third, because of the limited data of the reviewed studies, we failed to capture the data of serum levels of calcium intake, which could affect our present study. Fourth, accumulating evidence has suggested that the CASR plays a critical role in bone metastasis. Due to the lack of original data of the included studies, we did not evaluate the effects of CASR in bone metastasis in cancer patients; further studies based on this topic are needed. Finally, the analysis was only based on published data, and no unpublished data were included. Hence, some inevitable publication biases might have a potential impact on our results.
Conclusion
In summary, our analysis provides reliable evidence that the CASR polymorphisms may not be associated with overall cancer susceptibility under the current published studies. Our subgroup analysis further indicated that the CASR rs1801725 polymorphism is not associated with an increased risk of CRC and prostate cancer. Large-scale and well methodologically designed studies should be conducted to explore the real relationship between CASR variants and cancer risk.
